Introduction
Watershed models are valuable tools for examining the impact of land-use on hydrology and water quality. While extensive research has been done to describe the impact of management practices on field and farm runoff, less is known about how these changes are reflected at the watershed scale. The success of the Total Maximum Daily Load (TMDL) program will be based on water quality improvements that result at the watershed scale. Additionally, a national assessment of the effects of conservation practices on watershed scale water quality is underway which relies heavily upon the reliability of watershed flow and transport models (Mausbach and Dedrick, 2004 ).
The SWAT model has been applied to watersheds throughout the world (Arnold and Fohrer, 2005) . The model has received extensive testing in Texas (Saleh et al., 2000; Santhi et al., 2001; Srinivasan et al., 1997) , Kentucky (Spruill et al., 2000) , Wisconsin (Kirsch et al., 2002) , Mississippi (Bingner, 1996) , Indiana (Smithers and Engel, 1996) , Pennsylvania (Peterson and Hamlett, 1998) , and Georgia (Bosch et al, 2004; Van Liew et al., 2006) . In most cases, the prediction accuracy was satisfactory to obtain working knowledge of the hydrologic system and the processes occurring in the watersheds. One of the shortcomings of SWAT has been an inability to model flow and transport from one position in the landscape to a lower position prior to entry into the stream. The model utilizes a Hydrologic Unit Area (HUA) concept which combines a unique combination of land-use and soil type within a defined subbasin. Transported water, sediment, and chemicals from the HUA are routed directly into the stream channel. As currently configured, SWAT does not allow transport from upslope HUAs to flow through lower landscape position HUAs prior to entry into the stream. Arnold et al. (2007) have developed a modification to the model which facilitates such a process (SWAT-L). The modification divides the catchment into three units, the upland divide, the hillslope, and the floodplain (Fig. 1 ). The modified model routes surface runoff, lateral subsurface flow, and shallow ground water flow from the divide, through the hillslope, through the floodplain, and eventually to the stream. Additional details are provided by Arnold et al. (2007) .
The objectives of this manuscript were to test SWAT-L for a small watershed in South-central Georgia. Simulations were conducted which incorporated the landscape routing and a comparison made to observed data.
Methods

Site Description
A site located near Tifton, GA was selected for this research (Fig. 2) . The study site consists of two paired watersheds, 57 and 47 ha (Table 1) , which join to form a larger watershed (123 ha). Soils in the watershed consist of loamy sands, with Tifton loamy sand (Plinthic Kandiudults; fine loamy, siliceous, thermic) being the dominant soil type in the upland (Calhoun, 1983) . The Tifton soil contains subsurface horizons with reduced infiltration rates which perch water and initiate lateral flow during wet conditions (Hubbard, 1983) . The Tifton soil contains 7-14 % plinthite from 0.8 to 1.4 m. Over the year, the shallow aquifer water-table varies from 0 to 7 m below the ground surface, depending upon landscape position. The watershed contains dense riparian buffers in the flood plain. The dominant soil type in the flood plain is an Alapaha loamy sand. The uplands consist of tilled fields and some forest (Fig. 2) . The North and the South basins join and eventually flow into the outlet pond (Fig. 2 ). Both watersheds are instrumented with weirs within the streams for streamflow measurement.
Hydrologic and water quality data were collected in the watershed from October 1996 through November 2004 (Lowrance et al., 2007) .
Both basins include stream reaches bordered by mature riparian forests ( 
SWAT-L simulations
The Gibbs Farm Catchment was manually configured for SWAT-L as shown in Figure 3 . The simulation was established for one subbasin and three landscape units (divide, hillslope, and flood plain). One HRU was simulated for each landscape unit. A transect through the Fox Den Field at the University of Georgia Gibbs Farm was simulated (Fig. 4) . This site has been extensively studied, particularly the riparian buffer (Bosch et al., 1996; Lowrance et al., 1997) . The field drains into the lower part of the Southern basin (Fig. 2) . Corn, peanuts, and cotton have been grown in the field. There is a grass edge downslope from the field and a woody riparian buffer between the grass buffer and the stream.
SWAT-L input datasets were developed for the watershed and landscape units using the landscape unit configuration shown in Figure 3 . Three landscape positions and vegetation types were simulated. A peanut / cotton rotation was assumed in the upland divide, a bermuda grass in the hillslope, and a pine forest in the floodplain. A catchment area of 10 ha was simulated. The divide corresponded to 70% of the area or 7 ha with a slope of 3.0%. The hillslope made up 10% of the area or 1 ha with a slope of 2.4%. The floodplain made up 20% of the area with a slope of 2.0%. The upland and the grass buffer were simulated with the soil type of a Tifton loamy sand while the riparian buffer was simulated with a soil type of a Alapaha loamy sand. Rainfall data were obtained from an on-site recording rain gage while climate data were obtained from a nearby weather station (University of Georgia, 2007) . A 5 year simulation was conducted using observed rainfall. 
Results
The summary results for the five year simulation are shown in Table 2 . The average annual simulated precipitation for the five year period was 1298 mm. The total water yield on a per area basis for the simulated catchment was 355 mm or 27% of the annual precipitation. Evapotranspiration for the catchment was 702 mm, or 54% of the annual precipitation, while transmission losses from the plants accounted for 16 mm.
The water balance for each of the individual landscape units was also calculated (Table 2) . Each component is on a per area basis using the area of that individual landscape unit. The largest contributor to flow from the upland divide was the surface runoff, while the largest contributor from the floodplain was the groundwater (Table 2) . On a per area basis, surface runoff within the upland and the hillslope were roughly equivalent although the volume was significantly greater from the upland due to the larger upland area. Surface runoff within the floodplain was only 61% of that in the upland despite the contributions of overland flow from the hillslope to the floodplain. Evapotranspiration within the three units was fairly constant (Table  2 ). There was a large increase in the groundwater component of the flow within the hillslope landscape component, increasing from 33 mm from the divide to 745 mm in the hillslope. Groundwater within the hillslope includes contributions from both the upland and the hillslope units and is also impacted by the smaller area of this unit. Simulated evapotranspiration (ET) within each landscape unit makes up the largest component of the water balance. In the divide where the row crops are grown ET is simulated to take up 55% of the precipitation. In the hillslope, Bermuda, unit it is 49% and it is 53% in the floodplain pine unit. Simulated surface runoff remains fairly constant across the first two landscape units, 20% in the divide and 23% in the hillslope, but it decreases to 12% in the floodplain landscape unit.
The water balance within each landscape was investigated by calculating the fraction of each water component as a percentage of catchment yield of that water component (Fig. 5) . Precipitation is evenly distributed with area, with 70% in the upland, 10% in the hillslope, and 20% in the floodplain. Evapotranspiration is similarly distributed. Surface runoff is disproportionally distributed with respect to the area, with greater surface runoff generated in the upland and the hillslope and less generated in the floodplain. Lateral runoff and groundwater flow are also disproportionally distributed with larger contributions than the fraction of the area in the hillslope and the floodplain. The hillslope generates four times the groundwater flow than its fraction of the area. Lowrance et al. (2007) reported the streamflow for the entire South watershed (Fig. 2) was approximately 15% of the precipitation that fell from 1996 through 2004. The yield from the North watershed was 27% of the precipitation during the same period. While the observed yield from the South watershed was less than the 27% simulated by the SWAT-L model, the measurements of Lowrance et al. (2007) included the area of the watershed which contained several irrigation ponds (Fig. 2 ) which could increase losses considerably. Bosch et al (2005) observed that for similar soils 29% of precipitation in conventionally tilled upland fields is lost as surface runoff while other measurements of surface runoff in regional soils have been as low as 7% (Shirmohammadi et al., 1984) . Simulated average annual runoff values for the divide (20%) and the hillslope (23%) for this study fall within this range. Prior research within this watershed indicates a 56 to 72% decrease in surface runoff as the flow moves from the upland fields into the grassed buffers (Sheridan et al., 1999) . Surface runoff was fairly consistent moving from the grassed buffers into the riparian forest (Sheridan et al., 1999) . The average annual volume of surface runoff simulated from the upland was 18172 m 3 while the average annual volume of surface runoff simulated from the hillslope was 3037 m 3 . The large decrease indicates a large infiltration component in the hillslope, supporting prior research findings. Simulated surface runoff volume for the hillslope and the floodplain was fairly consistent (Fig. 5) , also in agreement with prior field observations (Sheridan et al., 1999) .
Summary and Conclusions
Estimates for ET in watersheds dominated by pine forests range from 60 to 80% of precipitation per year (Riekerk, 1985) . Knisel et al. (1991) reported ET from an upland field in this region as 69% of precipitation for a corn/soybean rotation with an oats winter cover. Bosch et al. (1996) reported ET for the riparian forests in this watershed at 67%. Estimates for ET losses for the corn and fallow upland fields obtained using the GLEAMS model ranged from 700 to 1000 mm (Bosch et al., 1996) . Simulated estimates of ET from this study ranged from 55% for the divide to 53% for the hillslope, slightly below the reported ranges.
While additional calibration and testing of the SWAT-L model is necessary, the results are encouraging. The modifications will allow the model to more realistically represent actual landscape flow and transport processes. The relocation of water flow between surface, lateral, and groundwater flow appears to be represented with the model. As testing of the model is expanded to examine water quality effects the full utility of the model will be utilized.
